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APPARATUS METHOD fOR ROTATING COIL TUIUNG IN A WF.I.I, 



BACKGROUND OF THE INVENTION 



Field of the Invention 

This invention relates to the servicing of wells through 
use of coil tubing and core particularly to app<iratus for and 
5 methods of rotating coil tubing in a well f*»r per forming 
downhole operations therein- 

Description of the Prior Art 

It has been common practice for many ye^rs to run a 
continuous reeled pipe (known extensively in the industry as 
10 "coil tubing") into a well to perforn operations utilizing the 
circulation of treating fluids such as water« oil, acid, 
corrosion inhibitors, cleanout fluids* hot oil, and the like 
fluids. Coil tubing being continuous, rather than jointed, is 
run into and out of a well with continuous aovement of the 
tubing through use of a coil tubing injector. This is much 
quicker than running jointed pipe whose threaded connections 
consune much time in making and breaking, that is, in 
assembling and di sassenbling, or putting theo together and 
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1 taVing them apart- Coil tubing injectors are well known in the 

oil and gas industry. 

Coil tubing is frequently used to circulate cleanout fluias 
through a well for the purpose of eliminating sand bridges or 
5 other obstructions therein- Often such sand bridges or other 

obstructions are very difficult and quite occasionally im- 
possible to resove because of the inability to rotate the coil 
tubing to drill out such obstructions. Turbo-type drills have 
been used but have been found to develop insufficient torque 
10 for many jobs. 

Thus, it is desirable to perform driniug operations in 
wells through use of coil tubing which can be run into and 
removed from a well quickly and which can l>e rotated to perform 
various and desirable drilling operations such as the reooval 
15 of obstructions, while also performing the usual operations 
which require only the circulation of fluids. 

Known prior art relating to the present invention includes: 
■ 3, 1 9 1, -^ySTT^ 3,216,731- y^^S9^^QS^ 3,865,408' 

3,191,981 3,285,485 3,690.136 - ArOaS>l5Lfi_ 

20 ^T^Jr5T^3 - >>3ja..J46^ - 3,754,474 4r?5trW6^ 

U. S. Patent 3,285,485 which issued to Damon T. Slator on 
Vovember 15, 1966 discloses a device for handling tubing and 
the like. This device is capable of injecting reeled tubing 
into a well through suitable seal means, such aa a blowout 
25 preventer or stripper, and is currently comoionly known as a 
coll tubing injector. 
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U, S. Patent 3,313, 346 issued April 11, l?67 to Robert V. 
Cross and discloses methods and apparatus for working in a well 
using coil tubing. 

U. S. Patent 3,690,136 which issued on September 12, 1972 
to Damon T. Slator et al discloses apparatus for use with a 
coil tubing injector to both guide and straighten the coil 
tubing. The apparatus guides the coil tubing between the reel 
and the injector with ainimal permanent deformation and then 
straightens the coil tubing when permanent deformation occurs. 

U. S. Patent 3,559,905 which issued to Alexander Palynchuk 
on February 2, 1971 discloses an improved coil tubing injector 
having a chain drive mechanism which includes not only the 
usual endless track or drive chain with gripper pads thereon 
for gripping the coil tubing, but also has an endless roller 
chain within the track to reduce the friction between the track 
and the pressure beam, thus providing a good grip on the coil 
tubing while requiring less horsepower to drive the tracks- 
This patent also discloses methods and apparatus for running 
coil tubing into and out of a well without deforming it per- 
manently. Of course, this has no bearing upon the present 
invention, but the injector with the roller chain within the 
track is similar to th<r injector of the present invention which 
is an improvement thereover. 

U. S. Patent 3,754,474 which iMsued to Alexander Palynchuk 
on August 28. 1973 discloses an improved gripper pad for use on 
a trac*-, or drive chain of a coil tubing injector. 
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U. S. Patent 3.215,703 issued to Phillip S. Sizer on 
November 2. 1965. This patent illustrates and describes 
apparatus for snubbing jointed pipe into a well against well 
pressure. A guide tube is provided to prevent bucVling of the 
pipe under heavy column loads- The snubbing apparatus includes 
both stationary and traveling hydraul ica Uy operated slips or 
grippers of a type usable with the present invention- 

U. S. Patent 4,085,790 which issued to Malcolm N. Council 
on April 25. 1978 illustrates and clescribcs snubbing apparatus 
similar to that disclosed in U. S. Patent 3.215,203 supra- 
This patent, in addition, discloses a cpline rtrrango««nt for 
maintaining axial a I i«jnn.t.-nt of its piatonn wtth Ita hyUraullc 
cylinders . 

U- S. Patent 3,216,731 which issued to William D- Dollison 
on November 9, 1965 illustrates and describes apparatus in- 
cluding a plurality of strippers, back pressure regulators, and 
relief valves arranged to step down high well pressure by 
providing a pressure drop across each stripper in series so 
that pipe can be snubbed into a well having a surface pressure 
far greater than that considered safe with the usual stripper 
ar rangement • 

U. S. Patent 4,251,176 issued to Phillip S. Sizer and 
Malcolm N. Council on February 17. 1981 and illuatratos and 
describes apparatus for snubbing pipe Into a well. This 
equipment is shown to use stationary wllpa or grlppern t f th'i 
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1 general type shown in U- S. Patent 3,215,203, supra, and which 
could be used in the apparatus of the present invention. 

U. Patent 3,191,450 which issued to J. H. Wilson on June 
29, 1965 illustrates and describes a fluid driven pipe rotating 

5 device such as coul<2 be used with the apparatus of the present 
invention. 

U, S- Parent 3,191,981 which issued June 29. 1965 to D. W. 
Osmun and S- Patent 3,865,408 which issued February 11, 1975 
to Carter R* Young illustrate and describe packof r-type over- 
10 shots of a tyne which could be used to connect jointed pipe to 
coil tubing for well servicing as taught in the present 
invention. 

None of the prior art of which applicants are aware shows, 
teaches, or suggests apparatus and/or nethods which would nake 

15 it possible to run a length of coil tubing into a well using a 
coil tubing Injector and then rotate the same while it is in 
the well* Neither does any of the known prior art suggest 
adding jointed pipe to the upper end of the coil tubing to 
extend its penetration into the well and to rotate the string 

20 of tubing, let alone while moving it up and/or down in the well. 

Summary of the Invention 

The present invention ia directed to improved coil tubing 
injectors having the ability to inject coil tubing into a well 
and having means for then rotating the coil tubing while it Is 
25 in the well. The invention further is directed to such 
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apparatus having means £or adding jointed pipe to the upper end 
of the ceil tubing for extending its reach into the well and 
for rotating the pipe ->nd/or coil tubing while It is raised or 
lowered in the well. In addition, the invention is directed to 
various methods of inserting a length of coil tubing into a 
well and rotating it. and adding jointed pipe to its upper end 
to er^e^d its reach into the well- 
It is therefore one object of this invention to provide 
improved coil tubing injection apparatus having neans for 
rotating a length of coil tubing in a well. 

Another object is to provide means for attaching jointed 
pipe to the upper end of said coil tubing to extend the coil 
tubing to a greater depth in the well. 

Another object is to provide apparatus of the character set 
forth having means for rotating the tubing while moving it up 
or down in the well. 

A further object is to provide tubular quill means for 
apparatus of the character described for surrounding the 
coil tubing or pipe and being engageable by the coil tubing 
injector, the quill 'saving a gripper swivel ly attached thereto, 
and there being means for rotating the gripper to thus rotate 
the pipe held thereby and the coil tubing suspended from the 
pipe while the quill is held by the coil tubing injector. 

Another object is to provi«!e such apparatus with means for 
limiting the stroke of the quill means as it is moved up and 
down by the injector apparatus. 
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Another object is to provide apparatus of the character 
described which is driven by hydrat'lic fluid pressure and 
wherein the stroke limiting means includes limit valve means 
operated by hydtaulic fluid pressure. 

Another object o£ this invention is to provide a method of 
running a coil tubing into a well through use of a coil tubing 
injector and then rotating the coil tubing in the well- 

Another object is to provide a method of running coil 
tubing in a well to « desired depth, cutting the tubing, 
adding connecting means to its upper end. attaching jointed 
pipe thereto, and rotating the pipe to rotate the coil tubing 
in the well* 

Another object is to provide a method of the character 
described wherein a tubular quill is placed about the upper 
portion of the coil tubing or pipe and is engaged in the coil 
tubing injector for moving the tubing up or down in the well. 

Another object is to provide such a method in which the 
quill carries means for rotating the pipe or coil tubing 
extending througli it. 

Other objects and advantages of this invention will become 
apparent fro- reading the description which follows and 
studying the accompanying drawings, wherein: 



Rrii>£ Description of t he Drawing 

Figure 1 is a scheaatical view showing a well having 
25 equipment mounted thereon for injecting coil tubing thereinto; 
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Figure 2 is a fragmentary schenatical view similar to 
Figure 1 but to larger scale and showing coil tubing being run 
into the well; 

Figure 3 is a view similar to Figure 2 but showing the coil 
tubing with a connector on its upper end; 

Figure 4 is a longitudinal view« partly in section and 
partly in elevation with some parts broken «iway, showing a 
welded connector connecting a length of pipe to the upper end 
of the coil tubing; 

Figure 5 is a view similar to Figure 4 showing a connector 
which is applied without welding; 

Figure 6 is a cross-sectional view taken along line 6 — 6 of 
Figure 5; 

Figure 7 is a view similar to Figure 3 but with the chain 
drive mechanism of the coil tubing injection unit opened and 
showing the upper end portion of the coil tubing straightened 
up; 

Figure 8 is a view similar to Figure 7 but showing ho 
quill being lifted into the open chain drive mechanism from 
below; 

Figure 9 is a view similar to Figure 8 but showing the 
quill engaged in the chain drive mechanism and with a gripper 
and a rotator mounted on the upper end of the quill; 

Figure lOA and lOB, taken together, constitute a view 
similar to Figure 9 but showing a swivel and hose connected to 
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1 the upper end of the coil tubing or pipe connected to the upper 
end thereof so that fluids may be forced into the well there- 
through; 

Figure 11 is a schematical view showing hydraulic Beans for 
5 limiting the stroke of the quill; 

Figure 12 is a diagram of a portion of the hydraulic 
circuitry for operating the stroke limiting aeans of Figure 11; 

Figure 13 is a top view of a two-piece plate for positively 
limiting upward travel of the quill in the injecting unit; 
10 Figure 14 is a cross-sectional view taV.en along line 14 — 14 

of Figure 11; 

Figures 15A and 15B, taken together, constitute a view 
similar to Figure 9 but showing the quill, rotator, and gripper 
in pre-assembled form, being lowered into the coil tubing 
15 injection unit from above, the chain drive nechanisra being not 
yet opened to receive the quill: 

Figure 16 is a longitudinal view, partly in elevation and 
partly in section with some parts broken away, showing the coil 
tubing injector of this invention with coil tubing engaged 
\ 20 therein; 

; Figure 17 is a cross-sectional view taken along lino 17 — 17 

of Figure 16; 

Figure 18 is a cross-sectional view taken along line 18 — 18 
of Figure 16, but showing the quill in place; 

-9- 
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Figure 19 is a view similar to Figure 16 but showing the 
coil tubing injector with the quill assembly engaged therein; 
and 

Figure 20 is a cross-sectional view taken along line 20 — 20 
of Figure 19. 

Description of the Preferred Embodiments 

Referring now to Figure 1, a well 20 is shown being 
serviced in a nanner and through use of appar?.tus vhich will 
now be described- 

The well 20 is equipped with suitable surface equipment 
connections or Christmas tree 24 comprising master valve 25. 
swab valve 26, wing valves 27 and 28, and choke 29 for 
controlling the well in the usual manner. Apparatus for 
practicing the present invention is mounted atop the Christmas 
tree 24- This apparatus permits running an operational tool 40 
into the well 20 on coil tubing 50 and then rotating the coil 
tubing in the well* Provisions are made for adding jointed 
pipe to the upper end of the coil tubing and for even lowering 
and/or raising the coil tubing while it Is being rotated. This 
apparatus, as seen in Figure 1, includes a blowout preventer 
stack 34 for sealing around the coil tubing or pipe to prevent 
the escape of well fluids, a tripod 35 providing window-like 
openings between its legs 36 for access to the lower end of the 
coil tubing for changing operational tools such as the tool 40, 
a pair of stationary slip assemblies 44 for holding the coil 

-10- 
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tubing against upward or downward longitudinal movement, a coil 
tubing injector 60 having a gin pole 62, hoist 63, and hoist 
line 64, work platform or worUbaskct 65, and a coil tubing 
support arm 66. A reel of ceil tubing 70 is disposed a 
convenient distance from the well and focnls coil tubing 50 
into the coil tubing injector 60. A quill body 75 surrounds 
the coil tubing 50 and is suspended in an out-of- ^he-way 
position below the injector 60 as shown. A stop plate 76 
supports the quill body 75 in the position shown. A guide 
tube 78 surrounds the coil tuoing and has its lower end 
attached to the stationary slips 44 while its' upper portion 
extends upwardly through the quill 75. Its upper end remains 
telescoped into the quill at all tines. Thus the guide tube 
prevents the coil tubing from buckling as it is forced into the 
well, against well pressure, if any, by the injector. * 

The heart of the coil tubing injector 60 is the mechanism 
which forces the coil tubii.g 50 into and out of the well 
through the blowout preve.nters. This mechanism includes a 
chain-type drive mechanism 80 for gripping the coil tubing, and 
this mechanism is powered by power means 82 comprising suitable 
hydraulic motors and transmission (not shown). Pressurized 
hydraulic fluid is supplied by a power pack (not shown) 
connected to the hydraulic motors via suitable hoses (not 
shown). As the chain-type drive mechanism 80 is driven in one 
25 direction, coil tubing is forced into the well, and when this 
mechanisn is reversed, coil tubi.ig ia withdrawn from the well. 

-11- 
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A plurality of legs 83 are used to position the coil tubing 
injector 60 e spaced distance above the stationary slips 44 to 
provide space for .^^toring and operating the quill 75. The 
hoist 63 and gin pole 62 are used« among other things* to lift 
pipe sections for adding them to or taking them from the upper 
end of the coil tubing in the well as needed. 

A plurality of guy wires or c.ibles 84 have their upper 
ends secured to the appratus« as shown* and their lower ends 
anchored to the ground in the usual manner to stabilize the 
tall structure in its vertical position. 

Referring now- to Figures 2 and 3« it will be seen that the 
coil tubing injector CO is being used to inject coll tublt.g 50 
into the well 20 of Figure I. When the operational tool 40 on 
the lower end of the coil tubing approaches the depth at which 
rotation of the coil tubing will be required* the stationary 
slips 44 are engaged to support the coil tubing* the injector's 
grip on the coil tubing is released* the coil tubing support 
arm 66 is swung out of the way* and t.he coil tubing is cut. 
Then, a thre.-^ded connector 100 is attached to the upper end of 
that portion of coil tubing which projects from the well* cs 
seen in Figure 3* so that jointed or threaded pipe can be added 
thereto to extend its length as required. 

Alternatively* if it is hnown beforetine at which depth an 
operation Is to be performed in a well* tlie coil tubing can be 
precut to length and a threaded connector 100a welded thereto 
as seen in Figure 4. 



1220418 



In Figure 4, the threaded connector 100a is shown to have a 
downwardly opening bore 101 restricted as at 102 to provide a 
shoulder 103. Coil tubing 50 has been telescoped into the open 
bore 101 and abutted against shoulder 103, after which it has 
been welded in place by pressure-tight circumferential weld 
104. The upper end of rt-^tricted bore 102 is internally 
threaded as at 106 for attachment of pipe 110 as shown. 
Precutting the coil tubing and attaching the connector as seen 
in Figure 4 may possibly save considerable time at the well 
site and is likely to be preferred over cutting of the coil 
tubing and instcilling the connector on the job- 

If tho co.M tubing, on the other band, is to be cut at the 
well site, i.- when the working depth is not known before hand, 
the coil tubing may be run into the well, and when a depth is 
reached at which the coil tubing needs to be rotated, as when a 
sand bridge or other obstruction is reached, for instance, the 
coil tubing can be cut. This can be done with a hacksaw after 
engaging the stationary slips 44 and bleeding the pressure from 
the? CO J 1 tub i ng - 

If the well has superataospheric pressure and cannot be 
bled to that of the atmosphere, a check valve such as con- 
ventional check valve 120 (Figure 1) must be used in the coil 
tubing below the place where it is to be cut. The check valve 
will normally be installed as shown in Figure 1 between the 
lower end of the coil tubing SO ana the upper end of the 
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operational tool 40. It is reconnended that the check valve 
be installed whether or not its use is anticipated. 

After cutting the coil tubing with the hacksaw, it must be 
straightened for a si'itable distance. In addition, the end of 
the tubing must be prepared for attachment of the non-welded 
connector 100b seen in Figures S and 6. Tims, the end of the 
coil tubing must be smoothed by filing or applying ornery cloth, 
or the like. The end of the tubing must ^\^a be notched in a 
manner similar to that shown at 125. This notching may be 
accomplished by first drilling a hole through the tubing near 
its cut end and then sawing out the waste material to form the 
notch 125, 

The connector 100b comprises a housing 130. having a bore 
131 flared at 132 to receive tapered slips 133 which are biased 
by spring means such as spring washer 134 to force teeth 135 
thereof into biting engagement with the outer surface of the 
roil tubing 50. The bore 131 is internally threaded as at 136 
to receive the lower threaded end of upper sub 137. Seal ring 
136a seals this threaded joint. The upper sub 137 has a bore 
138 enlarged as at 139 at its lower end to provide downwardly 
facing shoulder 140. and its upper end is internally threaded 
as at 142 to receive the lower threaded end of pipe section 
110. The upper sub extends downward beyond its external 
thread, and one or more pins 143 are welded in suitable radial 
apertures in its wall so that their inner ends project into 
bore 139 as seen in Figure 6. A suitable sc.^1 ring such as 
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seal ring 144 is disposed in ^n internal recess in the body 120 
as shown to seal between the sub and the coil tubing. The 
prepared end of the coil tubing is inserted fully into the 
lower end of the connector and twisting it if neces.ary to 
cause the recesses 125 to c..g..ge the inwardly projecting pins 
143. The slips 133. being spring biased, will bite the coil 
tubing automatically, and the seal ring 144 will sealingly 
engage the coil tubing automatically, also. The connector lOOb 
will, understandably, withstand an appreciable amount of 
pressure, tensile load, and torque. 

With a connector 100. i„ suitable form such as. for 
instance, welded connector ,00a or non-weldod connector 100b. 
secured on the upper end of the straightened coil tubing a. 
seen in Figure 7. the chain drive mechanis- 80 of the injector 
is opened to its widest, and the quilX body 7S is then lifted 
into x,osition to be gripped in the chain .Uive „.chanl.» BO. 
Figure 8 shows the quill body 75 being thus lifted. The quill 
body 75 as was explained c.-.rlier already surrounds the coil 
tubing 50. 

The quill body 75 i. utted until its upper end is well 
above the injector 60. then the chain drive mechanism 80 of the 
injector 60 i. closed upon it so that It i. firmly gripped 
between the two chain. 81a and 81b. as seen in Figure 9. A 
rotator 200 is then attached to the upper end of the quill body 
75 through use of a suitable connection 210. uefurably a 
sturdy union such a, the well-Known ..>lt....| Cr yloc. union 

-15- 
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available froa Gray Oil Tools o£ Houston, Texas. The rotator 
200 is powered by a hydraulic notor 220 having a sprocket 222 
for driving chain 224 to rotate the rotatable inner portion 228 
o£ the rotator within the housing 230. A gripper slip assembly 
300 is attached to the upper end o£ the rotatable portion 228 
o£ rotator 200 by bolts 232 as shown. Hydraulic fluid hoses 
(not shown) are attached to the piston/cylinder actuator 310 of 
the gripper 300, and fluid pressure supplied therethrough is 
used to engage the gripper with the coil tubing, after which 
the stationary slips 44 are released. It is understood that 
the two stationary slips 44 and the gripper 300 (comnonly 
called a traveling slip) aay be identical* The hydraulic hoses 
are then disconnected from the gripper 300 and connected to 
BOtor 220 of the rotator 200. The coil tubing can then be 
rotated within the quill body 75 by the rotator 200, By 
actuating the drive mechanisa 80 of the injector 60, the coil 
tubing can be lifted or lowered while it is, at the eaae time, 
being rotated. Obviously, the coil tubing can be noved up or 
down while It is not being rotated* 

Gripper 300 may be like the slip asaeably Illustrated and 
described in U. S. Patent 3,215,203 to P« S« Sizer, eupra. The 
rotator 200 aay be like or siailar to that seen in U. S. Patent 
3,191,450. 

In many cases it aay not be necessary to engage the gripper 
300 with the coil tubing since lowering of the coil tubing Into 
the well ic usually stopped before the drilling or operating 
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depth has been reached. In such cases, as soon as the quill 
and its rotator and gripper have been aountcd in plice in the 
injector, a length of pipe 110 is thrcadc^d into connector 100 
and tightened- The injector is then operated to raise the 
quill, the gripper is engaged with the pipe llO above connector 
100. the stationary slips 44 are released, the rotator 200 is 
started up if desired, and the injector is actuated to lower 
the tubing. It may be desirable to lower the coil tubing by 
adding additional joints of pipe until the operating depth is 
reached before rotation of the tubing is V»cgun. 

It is sometimes desirable to pump tientir cluids such as 
water, oil or other fluid, down the coil tubing as it is b^ing 
rotated and/or moved up or down in the well. For this 
operation, a swivel such as swivel 400 is connected to the 
upper end of the pipe HO as seen in Figure lOA. or it can be 
connected directly to the upper end of the coil tubing if 
necessary, via connector 100. The swivel 400 may be supported 
by the hoist 63 and cable 64. The swivel 400 has a fluid hose 
410 connected either to its side or to its upper end. depending 
upon the design of the swivel. The other end of the hose 410 
is connected to a source of pressurized treating fluid (not 
shown), for instance, a pump so that fluids may be forced into 
the well through the coil tubing. The swivel allows the pipe 
connected thereto to be rotated while the swivel is suspended 
non-rotatably above the pipe In the conventional manner. 
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Since the quill body 75 is of limited length, the coil 
tubing 50 and pipe 110 can be aoved by the injector only a few 
feet each stroke. It can be soved downwaj.d until the lowermost 
position in the injector is reached, and, similarly, it can be 
moved upward until its uppermost position in the injector is 
reached. Preferably these upper and lower limits of the quill 
are determined by suitable limit means such as limit valve 
means having roller feeler means engaged with the exterior wall 
of the quill in combination with means such as a recess, 
shoulder, finger, cam, or the like, carried on the quill so 
that when the quill reaches its upper or lower limit, the limit 
valve means will respond and shut off the supply of power fluid 
to the injector drive mechanism and thus arrest movement of the 
quill. 

The quill body 75 may be formed of a tuba having a pair of 
external opposed ribs extending almost its full length and with 
means on at least one of its ends for attachment to the rotator 
200. Quill body 75 is shown in Figures 11, 18 and 20 to be 
formed with a substantially square cross-section with a longi- 
tudinal rib 75a formed at each corner which is substantially 
serai-circular in section. The convex semi-circular surface of 
the ribs has a radius substantially equal to the radius of the 
coil tubing 50 and the pipe liO, and the chain drive mechanism 
eo has gripper blocks 81c which are adapted to grip these 
rounded surfaces of either the pipe or the coil tubing or the 
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quill body. The chain drive mochdniem 80 grips opposite semi- 
circular ribs on the quill body 75 i%nd is .ible to move the 
quill body upward or downward as desired. 

Longitudinal movement o£ the quill say be limited by any 
suitable means, as before explained, to avoid pounding at the 
ends of the strokes. One of the preferred ways of limiting 
such movement utilizes limit valves as shown schematically in 
Figures 11-12 and will now be explained. 

The quill body 75 is provided with at Icjst one pair of 
opposed longitudinal semi-circular ribs 75a which terminate 
short of the upper end of the body, and the uoper end of each 
of these ribs is inclined inwardly and upwardly to form a cam 
surface 75b and forming the lower end of a recess 75c. At 
least one of the ribs 75a is provided with a recess 75d, and 
this recess provides a cam surface as at 75e. Recess 75d 
obviously Is spaced below recess 75c. 

A pair of cam actuated, spring returned, two-position, 
two-way limit valves 450 and 460 are mounted on the coil tubing 
injector 60 so that their cam followers or rollers 452 and 462 
are engageable by the cam uurfaccs 75b and 75e, respect ivc*ly. 
Thus when the quill body 75 moves down sufficiently far, the 
cam follower 452 will move out into recess 75c and the limit 
valve 450 will be iihlft«d by its spring 454 from its fluid 
passing position (shown) to its fluid blocking position (not 
shown). When valve 450 thus blocks the p.isnage of fluid. It 
shuts off supply of power fluid to the power means Q2 and 
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1 therefore the chain drive mechanism 80 and stops downward 

movement of the quill body 75- When the quill body moves up 
again, the cam surface 75b will engage and depress the cam 
roller 452 and will shift valve 450 back to its passing 
5 position (shown). 

Thus downward movement of the quill is arrested by shutting 
off the hydraulic drive moans 82 of the injector before the 
quill bumps bottom. This avoids needless and, perhaps, 
damaging impacts. 
10 In a similar manner, when the quill body 75 soves up 

sufficiently far, cam roller 462 will engage recess 75d, and 
limit valve 460 will be shifted by its spring 464 from its 
fluid passing position (shown) to its fluid blocking pos^f'ion 
(not shown)* When valve 460 thus blocks the passage of fluid, 
15 it shuts off supply of power fluid to the chain drive mechanisn 
80 as before explained and stops upward movement of the quill 
body- When the quill body moves down again, cam surface 75e 
will engage and depress cam roller 462 and will shift valve 460 
back to its fluid passing position (shown). 
20 Referring now to Figure 12, it will be seen how the limit 

valves 450 and 460 control the flow pressurized hydraulic power 
fluid to the power means 82 of the injector 60. 

In Figure 12, hydraulic motor 470 w)iich is a part of the 
power means 82 which powers the chain drive mechanisn 80 is 
25 supplied power fluid through power fluid branches 472 and 476 
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which are connect-.-d between notor 470 and control means (not 
Shown) Which in turn is connected to a power fluid source (not 
shown) such us a suitable hydraulic pump. The control (not 
shown) is used to direct power fluid through the circuit 472. 
476 in a selected direction to cause the q„in to move up or 
do%m, as desired. 

Both li.it valves 450 and 460 are shown in fluid passing 
position as they understandably would be when the quill is in 
an intermediate position, as shown in Figure 11. 

Downward movement of the quill occurs when power fluid is 
directed through the circuit 476. 472 in a counter-clockwise 
direction as seen in Figure 12. Power fluid will pass through 
conduit 472 and through limit valve 450 to power the motor 
470. Spent power fluid is exhausted from motor 470 through 
conduit 476 and limit valve 460 as well as through bypass 
conduit 477 and check valve 478 back to tank (not shown). 
When, however, cam follower 452 of limit valve 450 enters 
recess 75c of the quill, limit valve 450 shifts from its 
passing to its blocking position a.d power fluid cannot pass 
through limit valve 450 to motor 470. Neither can power fluid 
pass through bypass conduit 473 because check valve 474 will 
not allow flow in that direction. Motor 470 is thus starved, 
and downward movement of the quill ia quickly arrested, but 
without pounding. 

Limit valve 460 remains open as shown. 
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To cause the quill to nove in the reverse direction, that 
is. to cause it to apve upward, power fluid is directed through 
circuit 476. 472 i„ a clockwise direction. Power fluid then 
paaees through conduit 476 and limit valve 460 to »otor 470. 
Exhaust fluid flows from n.otor 470 throuyl. oonUult 472. but 
since limit valve 450 is at this ti.e close<l. exhaust fluid- 
cannot pass through it. It can. however, bypass valve 450 t.y 
flowing through bypass conduit ^73 and through check valve 
474. Thus. „otor 470 can be operated ir this reverse direction 
to drive the quill upward. 

As the quill Boves upward. ca« surf-ce 75b. thereon will 
shift limit valve 450 back to fluid passing position (shown). 

When quill 75 approacnes the li«it of its upward travel, 
cao follower 41-2 of limit valve 460 enters recess 75d of the 
quill, and this causes li=it valve 460 to shift to its fluid 
blocking position to shut off supply of power fluid to .otor 
470. This stops upward movement of the quill since power fluid 
can neither pass through valve 460 nor through bypass check 
valve 478, 

Movement of the quill is then reversed by reversing the 
direction of the power fluid. Thus, power fluid is directed 
through circuit 472. 476 in a counter-clookwi se direction a. 
before. Power fluid passes through conduit 472 and the now 
open limit valve 450 to motcr 470. Exhaust fluid fro. «otor 
470 passes through conduit 476 and bypa,s...a cloned ll.it valve 
460 by passing through bypass conduit 477 and through check 
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valve 478. As soon as quill 75 has moved down a little, cam 

surface 7Se o£ the quill will engage cam roller 462 oC limit 

valve -160 and will cause valve 460 to shift to its open or 

flaid passing position. 

Thus, the circuitry of Figure 12 can be used to control the 

upward and downward travel of the quill and to linit such 

travel in each such direction. 

Positive limit means is also provided to limit longitudinal 

movement of the quill by the chain drive mechanism of the coil 

tubing injector* 

It is readily seen that the union 210 or the rotator 200 

cannot enter the upper end of the injector. Thus there Is no 

chance that the quill could move down too far in the injector 

or be dropped through it. 

Further, the lower <»nd of the quill body 75 extends through 
the stroke limit plate 76. This plate 76 is seen in Figure 
13. It is formed in i wo halves, 76a and 76b. These two halves 
together form a circular plate having a square opening 76c 
through its center and a plurality of bolt holes 76d circua* 
ferentially spaced thereabout near its rim. The two halves of 
the plate are placed about the quill body so that the qui 11 
body is properly orienttfd therein, then Die halvus are bolted 
to the Injector below the chain drive ncchanicm 80 thereof as 
seen in Figures 1 and 9. 

The quill body is formed with an external flange 77 at 
least on its lower end, and preferably a liXe or similar flange 
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77* on its upper end as well. It is also pre£erable to form 
such flange or flanges to the shape of a Gray lock hub. This is 
especially true of the upper end of the quill body since it 
must be attached to the lower end of the rotator 200. This hub 
will fit the Graylock clamp which is the outer part of the 
Graylock union 210. Thus, the quill body could be made 
symmetrical with both ends identical. Of course, if this is 
done, a second recess like recess 75d must be provided so that 
limit valve 460 will be effective to limit downwad travel of 
the quill if and when the quill body is inverted. 

The hub or flange 77 being larger than the square opening 
76c of the stroke limit plate 76 cannot pass therethrough. 
Thus, the quill body can be lifted only until flange 77 engages 
the stroke limit plate 76. 

Since the quill body must pass between the opposed drive 
chains 81a and 81b of the chain drive mechanism 80 and since 
the distance between these chains is limited, it may be 
preferable to form flats such as opposed flat surface 77a on 
opposite sides of the flange or hub 77 (and hub 77' as well) 
so that the quill body may be inserted into the chain drive 
uochanlsm aa desired. The flats on the upper hub 77* are 
indicated by the reference numeral 77a*. 

The stroke limit plate 76 will not only limit upward travel 
of the quill body 75, but since its square hole 76c receives 
the square section of the quill body with a sliding fit, the 
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1 plate 76 will prevent rotation of the quill body relative to 
the injector and the well. 

The plate 76 nay be provided with a round opening there- 
through for receiving the quill body, in which case the plate 

5 would not prevent relative rotation of the quill body. In such 
case* other means must be provided to prevent such relative 
rotation. Such anti-rotation means may be provided in the form 
of a split plate similar to the plate 76 but bolted to the 
housing e2a of the power means 82 at the uppor end of the 

10 injector as will be explained later in cciunfcM ion with Figures 
15-20. 

Because the coil tubing 50 does not have great column 
strength, it is easily bent under a column load such as when 
the chain drive mechanism 00 of the injector 60 applies a 

15 downward axial force thereto to push the coil tubing through 
the blowout preventer 34 and into the well 20. If the coil 
tubing is not provided adequate support, it will buckle and 
bend rather than moving through the blowout preventer. This 
could cause failure of the tubing and may result in a 

20 -blowout". Naturally, the higher the well pressure, the 

greater the lateral support needed to avoid such buckling of 
the coil tubing. This lateral support can be readily provided 
by a guide tube similar to that taught in U. S. Patent 
3,690,13o mentioned tjculier. 

25 In the present invention, the guide tube may be like or 

aimilar to that shown In Figures 2, 3, 7, 8, 9, 100 and l^B 
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where it is indicated generally by the reference numeral 78. 
The upper end of the guide tube 78 is telescoped into bore 75' 
of the quill body 75 as shown i„ Figure 2. Its lower end 
extends fro« the qniu and is preferably secured in such 
position that when the quill is at the upper limit of its 
stroke, several inches of the guide tube will still be 
telescoped into the quill. The guide tube 78 is. therefore, 
preferably provided with a flange 78. or the like, on its lower 
end so that it »ay be fastened to a suitable .structure such as 
a platfor. (not shown) provided beneath the injector 50 or. 
preferably, to the stationary slips 44. 

The coil tubing 50 passes through the quiu 75 and the 
guide tube 78 telescoped thereinto. Thus, close lateral 
restraint is provided to li-it lateral movement of the coil 
tubing to prevent buckling and bending thereof even when a 
full-length stroke is taken. 

Thus far. this invention has been explained with respect to 
Figures 1-14 which show an apparatus for lowering a length of 
coil tubing into a well and the^ rotating the coil tubing to 
perform desired operations downhole. The appratus shown is 
capable of both rotating the coil tubing and ^ving it longi- 
tudinally either concurrently or independently. Also, the coil 
tubing can be lowered further into the well by adding one or 
-ore joints of pipe to the upper end thereof to extend its 
length and thus increase its reach into the well. These 
operation, are made possible by use of a quill as.^embly which 

-26- 



1220418 



surrounds the pipe or coil tubing and is engageable by the 
injector. The qain carries gripping means for gripping the 
pipe or coil tubing, and the gripping ocans is rotatably 
»ounted on the quill so that the coil tubing or pipe can be 
rotated through the quill while the quill is in the firm grip 
of the injector. Power means is provided for rotating the 
gripping means. 

In the apparatus of Figures 1-14. toe quill body 75 is 
stored out of the way but Jcept at the ready by suspending it 
below the injector 60 with the coil tubing .Mssing through ic:. 
bore 75'. When it is noertcl. the injector .Irive chains «re 
moved apart and the quill iKvJy is Uft,.d to i. level there- 
between to be engaged thereby, as befo.-e e«pl.^ined. After 
this, the rotator and the gripping means are attached atop the 
quill body. 

In Figures ISA and 158. a modified form of the invention is 
shown in which the quill is not lifted into the chain drive 
mechanism from below but is lowered ther- into from above. The 
injector and quill mechanism in both cases nay be identical. 
Therefore, the injector is again indicated generally by the 
reference numeral 60. The quill assembly comprising the quill 
body 75. the rotator 200 and the gripper 300 is indicated 
generally by the numeral 75" and is prefer..bly kept assembled 
and stored outside the injector 60. Then, when ready, the 
drive chains Bla and 81b are moved apart, the quill assembly 
75- lifted above the injector, and then it is lowered between 
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the drive chains- As ahown in Figure 18. the lower end of the 
quill is inserted into the injector, and ant i -rotation oeans 
such as the ant i -rot at ion plate 90 is assembled thereabout and 
secured to the motor cover 02a on upper end of the injector, 
the plate 90 being formed in two 5ialves 91 and 92 as shown- 
The anti-rotation plate 90 is eioilar to stroke limiting plate 
76 in that it is formed with a square opening therethrough and 
is split into halves <is shown. The square opening 93 receives 
the square quill body 75. Since the plate 90 is secured to the 
housing 82a, it will not permit the quill to rotate in the 
injector as the rotator 200 and gripper 300 grip and rotate the 
pipe 110. In addition, the stroke linit plate 76 is removed 
below the injector and rea::scmbled <sbout tlie quill after the 
lower end of the quill is moved downward past the plate's 
normal position after which the plate 76 is re-installed to 
positively limit upward movement stroke of the quill in the 
in jector- 

The quill and injector are then ready to operate as before 
explained. 

It will be noted that the injector and quill operate to 
accomplish the same thing in the* same manner whether the quill 
is inserted into the injector from above or from below. If the 
quill is lifted into the injector from below, there must be 
provided adequate space between the injector 60 and the 
stationary slips 44 in which the quill body 75 can hang out of 
the way until needed. The rotator and gripper cannot be 
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1 attached to the quill until the quill is lifted and its upper 
end projects well above the injector. On the other hand, if 
the quill is to be lowered into the injector from above when 
needed, the quill body 75, rotator 200, and gripper 300 can be 

5 preassembled and set aside until needed, then installed as a 
unit. This could save time, and less space beneath the 
injector will be needed. Preferences, safety, savings in time 
and money, and convenience will dictate whether to insert the 
quill into the injector from above or from below. 

10 The injector 60 is shown in part i. Figures 16-20* The 

injector 60 is shown in Figures 16 and 17 with coil tubing in 
its grip. Injector 60 includes the chain drive mechanism 80 
which includes a pair of endless drive chains 81a and 81b 
spaced apart and arranged as shown. The pair of drive Citains 

15 81 a and 81b are movable toward and away from each other. They 
are driven by power means 82 having a housing 82a and a pair of 
drive sprockets 82b and 82c which engage the drive chains and 
are supported by the housing or cover 82a. The drive sprockets 
are driven by motors (not shown) which arc housed under the 

20 cover 82a. The drive chains 81a and 81b also pass around idler 
sprockets 72a and 72b which are spaced well below the drive 
sprockets as shown. Each of the drive chains 81a and 81b is 
provided with gripper blocks Sic which are adapted to conform 
to and frictionally engage and grip the coll tubing 50, pipe 

25 110, or quill body 75. 
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A pair of pressure bc.»s 73a and 73b are mounted within 
endless chains 8U and 8lb. respectively, and are carried 
on clevis pins 74a and 74b which are oount.d for limited 
horizontal movement in Mots 74c ana 74d of side plates 79a and 
79b permitting the chains to be ^oved apart sufficiently to 
-now the ,uin to be pL.ced therebetween as before explained. 

Within each of the drive chains 81a .u.., 8lb is aa endless 
roller chain which passes around its respective pressure 

bea. 73a or 73b and passes around upper ..„„ .owcr sprockets 8ld 
and 81e, respectively. 

It is readily seen that when the pressure bea«.s are „oved 
toward each other, the drive chains 81a and 81b will be pressed 
against any coil tubing, pipe, or the guiU which happens to be 
therebetween. The roller chain 81" is squeezed between the 
pressure bea«. and the drive chain and its rollers reduce the 
friction and per-it the drive sprocket. fl2b t driv. the drive 
chains with reduced horsepower and energy to -ove the coil 
tubing, pipe, or quill up and/or down. 

The lower idler sprockets 72a and 72b are preferably 
carried on swlngablo housings 72c and 72.. which can be noved by 
tightening or loosening adjusting nuts 72e and 72f to increase 
or decrease tension In the drive chains. The lower .procVets 
81- aerv. to maintain their respective roller chain 77 with it, 
rollers oubatAntially horlxontal. 
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Each drive chain 8U or 81b is „oved tow.rd and away Uo. 

be described- 

A pair of Clevises 8e.a and 86b is counted for horizontal 
-ovecent. each having an opening in each of its legs 86c. Pi„ 
74a passes through the holes in cleWs 86a. and pin 74b passe, 
through the holes in clevis 8Cb so that the clevis and the 

pressure bean 73a move together E^oh 

ogetner. Each clevis passes aro».nd the 

outer Side of the pressure bean and chains as shown. Clevis 
86a has its outer end 80d swiveXly connected to the inner end 
Of threaded adjustable stop screw 87 which is threaded into a 
yoKe neober 87a having trunnions 87b at its opposite ends 
secured in suitable nated recesses 87c for-ed in the ends of 

The end pieces are secured to the ends of the side platca by 
suitable bolt. 88C. Threaded stop screw 8, is adjusted by 
turning it to operate its thread e7d to .ove the screw ,„ or 
out as desired. Suitable neans (not shown, ,or locWng the 
-crew 87 .t the adjusted position are we,, .nown and .ay be 
provided as desired, 

Clcvia 86b si.i,ar,y has arns 86c with openings through the 

end. thereof and with pin 74b passing therethrough so that 

clevi. 86b and pressure bean 73b win .ove together. The outer 

• I.- 90d of clevis 8Cb is secured to the end . 

° tne end of piston 89a of 

hydrauilc cy,inder 89. Cylinder R4 i» 

v-yj inner 89 is secured in p,ace by a 

yoke 07a' which is nuch ,lVo yoke fl7, . ^ . 

'^n iiKo yoke 87a and h«, trunnions at its 
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Opposite ends received in aligned recesses formed in the ends 
of the side plates 79a and 79b and in the end pieces 88a and 
88b, anri these end pieces are secured in place by bolts 88c in 
the manner before explained with respect to yoke 87a. 

The hydraulic cylinder 89 is actuatet] by liytlraulic fluid 
pressure introduced thereinto in the usual n^inner to extend and 
retract its piston 89a. The piston moves the clevis 86b and 
the pressure bean 73b toward the left as seen in Figure 17. 
The beaa 73b forces the drive chain 8lb into contact with the 
coil tubing 50 and also pushes the coil tubing, drive chain 
81d, pressure beam 73a and clevis 86a to the left until stopped 
by adjusting screw 87. Further movement of piston 89a causes 
the coil tubing 50 to be squeezed between the gripper blocks 
81c o£ drive chains 81a and 81b and thus be firaly gripped. 
The drive chains may then be set in motion to apply an upward 
or downward force to the coil tubing to move it into or out of 
the well as desired. Retracting the piston a9a will loosen the 
grip of the drive chains on the coil tubing when desired. 
Roller chains 81' reduce the friction between the drive chains 
and pressure beams as before explained. 

To release the coil tubing 50 from the grip of the chain 
drive mechanisn, hydraulic fluid pressure is redirected to the 
piston/cylinder 89 to retract the piston e9a which moves the 
right hand clevis 06b, pressure beam 73b, drive chain 8lb, and 
roller chain 61' to their rightmost position. If the quill is 
to be used, the adjusting screw 81 io backed out, and in so 
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doing it will pull the left-hand clevis BGa , pressure bcani 73a, 
roller chain 81*, and drive chain 81a to their leftmost 
position. With the drive chains 81a and 81b at their maximum 
separation* the quill body 75 can be placed therebetween as 
before explained and as seen in Figures 18 and 19. After 
placing the quill between the drive chains* the adjusting screw 
87 is adjusted as desired to provide a st^cure grip of the drive 
chain mechanism on the coil tubing* pipe, oi the quill w)ien the 
drive chains are again actuated to gripping position. 

Thus* it has been shown that the app<iratus and methods 
illustrated and described hereinabove fulfill all of t)ie 
objects set forth early in this application. 

It has been shown that the improved coil tubing injector 
60, the quill 75, the gripper 300, the rotator 200, and 
connector 100 (either 100a or 100b) find utility in running a 
length of coil tubing into a well and then rotating the coll 
tubing while it is in the well to perform desired operations 
downholo, such as drilling out obstructions, for example, sand 
bridges, or the like. It has been shown that jointed pipe can 
be added to the upper end of the coll tubing to increase its 
reach into the well and that the coil tubing may thereby be 
further lowered Into the well and may even be rotated while It 
lo being lowered. Further, it has been shown that a qui 11 has 
been provided which can be placed in a position surrounding the 
pipe or coll tubing, that the quill is formed with at least one 
pair of opposed longitudinally extending ribs on Ita exterior 
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surface and thac these ribs simulate the size and sh^pe of the 
coil tubing and pipe, thus enabling the injector to grip and 
drive the auill in the same way that it enoages and drives coil 
tubing; and that the quill =,akes it possible to move the pipe 
and/or tubing up and down while rotating at the same time. 
Also, it is understandable that, while the pipe and coil tubing 
are substantially equal in diameter, and either could be driven 
by the injector, the quiU. having a sufficiently large bore 
therethrough, makes it possible co pass the couplings of the 
jointed pipe through the injector which could not otherwise 
handle then since they. are too large for the gripper pads. It 
was also shown that certain downhole operations may be quickly 
completed by running coil tubing into a well through use of a 
coil tubing injector, with much saving in time and money since 
the coil tubing can be moved continuously, and then when the 
operating depth is reached, a quill can be added to the upper 
end of the coil tubing to nake it possible to rotate the tubing 
for performing those operations. It has been shown that the 
disclosed apparatus is provided with limiting means for 
automatically stopping the quill both at the upper end of its 
stroke and at the I :>wer end thereof; that such limiting means 
io operated by coengageable limit means on the quill and on the 
injector; that there is provided further limit means which coae 
into play should the automatic limit means fail; and thut these 
last limit means provide definite limits beyond which it is 
iopossiblo for the quill to move- Additionally, it has been 
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shown that the apparatus dit;closed her<- i nalx>ve makes it 
possible to practice the methods outlined herein for expe- 
diently servicing wells by installing coil tubing in a well 
and then rotating the coil tubing to perform desired downhole 
operations such as drilling out sand bridges or other 
obstruct ions« or similar operations. 

The foregoing description and drawings have been herein 
presented by way of explanation only, and iTh.tnges in materials, 
arrangement of elements and sizes thereof, as well as 
variations in the methods, may be had within the scope of the 
appended claims without departing froa the true spirit of this 
inventtion. 
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WE CIAIM: 

1. Apparatus for injecting coil tubing into a well for 

performing a downhole operation which requires rotation 
thereof, comprising: 

a. means for injecting coil tubing into the well; 

b. quiH means surrounding the upper end portion of said 
coil tubing and being engageable by said injecting 

means ; 

c. gripping means on said quill means for releasably 
gripping said coil tubing for moving the same 
vertically as the quill means is moved by said 
injecting means, said gripping means being rotatably 
mounted on said quill means to allow rotation of said 
coil tubing suspended therefrom; and 

d- means for rotating said gripping means. 

2. The apparatus of claim 1. wherein said means for Injecting 
coil tubing into the well includes means engageable with 
aaid quill means for counteracting the rotational forces 
applied to said coil tubing to rotate the same. 

3. Apparatus for injecting .=oil tubing Into a well for 
performing a downhole operation which requires rotation 
thereof, comprising: 

*• means for injecting coll tubing Into the well: 
b. connecting means for connecting jointed pipe to the 
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upper end of the coil tubing to extend the length 
thereof : 

c. tubular quill means for surrounding the pipe, said 

quill means being ongageable by said injecting means; 

d- gripping means on said quill means for gripping the 
pipe and moving the same longitudinally as the quill 
is moved by said injecting means* said gripping means 
being rotatably mounted on said cjuill means to allow 
rotation of the pipe relative to s^id quill means; and 
e. means for rotating said gripping scans- 

The apparatus of claim 3, wherein said means for injecting 
coil tubing into the well includes* mcHns engageable with 
said qui 11 mcvuiB for counteracting th«f rotational forces 
applied to said coil tubing to rotate the sane. 

. The apparatus of claim 4, wherein said injecting means 
further includes utationary slips for releasably engaging 
and supporting the coil tubing in said well. 

. The apparatus of claim 5, including limit means on said 
quill and on Haid injecting means co*f ngageablo to lioit 
longitudinal movement of said quill relative to oaid 
Injecting monno- 

• The apprtratuo of claim 6, wherein inj-'-ting aaanm la 
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powered by hy.liavilic fluid prer.Buro and lu.id limit ^van 
includes at least one limit valve uper..l,le by hydraulic 
fluid pressure. 



a The apparatus of clain 7, including: 

a. 3top shoulder means on said quill means; 

b. stroke limiting plate means having an aperture 
therethrough, the dimension of said aperture being 
smaller than the dimension of said quill means at said 
stop shoulder means, said plate being mountable about 
said quill means above said shoulder means and 
attachable to said injocti.icj means, whereby engagement 
of said btop shoulder moans with uaid stroke limiting 
plate positively limits upward movement of said quill 
means relative to said injection mo.ins. 

9. The apparatus of claim 0, including a Length of coil tubing. 

10. The apparatus of claim 9, wherein said length of coil 

tubing contains check valve means for preventing the flow 
of well flui.la from the well through said coil tubing. 

11- The apparatun of claim 10, Including a length of pip© 

connectablo to caid connecting nc.n.i ,.t the upper end of 
aaid length of coil tubing far extcMiding the length of yaid 
coi 1 tubi ng . 
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12. The apparatus o£ claia 3, wherein said cor.nector neans is 
attached to oaid coil tubing by welding. 

13. The apparatus of claim 3. wherein said connecting means is 
a packo££ overshot conprising: 

a. tubular body means having means at one of its ends for 
attachment to a joint of pipe and the other of its 
ends providing an open socket for receiving an end of 
said coil tubing in telescoping rotation; 

b- gripping means in said body for gripping said coil 
tubing and securing said connector means thereto; 

c. seal means for scaling between said connector means 
and said coil tubing; and 

d. means in said body and means on said coil tubing 
coengageable to prevent relative rotational movement 
therebetween* 

14. A coil tubing injector Cor injecting coil tubing into a 
wo.l and being capable of using a quill to allow rotating 
the coil tubing in the well, said injector comprising: 
a* frame means; «nd 

b. endlosu-type chain drive mechanism mounted in said 

fram^ mean, for driving coil tubing Into and out of a 
well, said drive mechanlem Including: 

I. drive chain mn.ins including a pair of opposed 
ondle,., chain- .Ili.poood In common plane und 
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being movable toward and away fro» each other to 
grip and release coil tubing disposed 
therebetween, 
ii. means for moving said chain means laterally 
between inner gripping and outer releasing 
positions, 

lii. means for driving said chain means to drive the 
coil tubing into or out of the well, and 
iv. means defining the location of said inner and 
outer posi »'ons for both said coil tubing and 
said quill, said coil tubing and said quill being 
unequal in transverse dimension. 

The coil tubing injector of claim 14, including quill 
means, comprising: 

a. an elongate tubular body, said body having exterior 
surfaces engageable by said drive chain means for 
moving said quill longitudinally relative to said 
frame means ; 

b. means on said quill for rcleasably gripping a coil 
tubing or pipe disposed in the bore of said quill, 
said gripping means being rotatably mounted on said 
quill; and 

c. means for rotating said gripping means relative to 
said qui 11. 
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sup no.ns for relcasobly engaging and holding coil tubing or 
pipe against relative longitudinal moven«;nt. 

17- A ouiU for use with a coil tubing injector to pernut 
rotation of coil tubing or pipe about its longitudinal axis 
while extendir.g into a well, comprising: 

a. elongate body aeans having a loncitudir-al bore 
therethrough fcr receiving said coil tubing or pipe, 
said body having an exterior surface capable of 
beir.g gripped by said coil tubinc injector; 

b. gripping means rotatably mounted on said elongate 
boc>- .-neans for releasably gripping and holding pipe 
or coil tubing disposed therein; and 

c. mea-s for rotating said gripping reans. 

18. The q-li of claio. 17, wherein said elongate body is 
fonned with Unit means for engaging limit vaivo =>eans on said 
coil tubing injector to limit relative longitudinal movement 

Of said guill. 

19. The quill Of clain 17. wherein said =>eans for rotating 
is pcvsrcd by fluid pressure. 

20. A method of servicing a well, comprising: 

a. installing a length of coil tubing in ,.^11 ^...^^ 
use of a coil tubing injector; and 

b. rotating said length of coil tubing to perform a 
downhole operation in the well. 
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21. The method of claim 20; wherein said length of coil 
t.bing is provided with an operational tool at its lower 
end ano a check valve above said operational tool. 

22. The method of claim 21, including the farther step 
moving said length of coil tubing longitudinally while it 

is beiny rotated. 

23. The method of claim 21. including the additional step 
of circulating fluid through said length of coil tubing 

while it is being rotated. 

The method of claim 20. including the additional steps 

a. severing the coil tubing at the surface after 
its lower end has reached the desired depth in 
the well; and 

b. attaching a connector to the upper end of the 
length of coil tubing in the well to prepare the 
coil tubing for subsequent attachment of a 

length of pipe. 

25. The method of claim 2A. including the additional 
step Of adding a length of pipe to the upper end of said 
le.-..rth of coil tubing to extend the length thereof. 



24. 
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26. The method of claia 25, including the a«lditional step of 
further lowering said length of coil tubing into the well 
through use of said length of pipe Attached thereto. 

27. The method of claia 25, including the clditionAl steps of: 

a. removing the length of pipe froa the length of coil 
tubing; and 

b. withdrawing the length of coil tubing fron the well. 

28. The method of clain 24. including the additional steps of: 

a. cutting the coll tubing Lo length l^efore it is lowered 
into the well: and 

b. attaching to the upper end thereof a connector for 
attaohment or a length oc pipe. 

29. The method of clain 28, including the additional steps of: 

a. removing the length of pipe froa the length of coil 
tubing; and 

b. withdrawing the length of coil tubing froa the well. 

30. The method of claim 20, including the additional steps of: 

a. placing an alongate tubular quill about the upper end 
portion of said length of coil tubing, said quill 
having gripping means attached thereto; 

b. gripping the coil tubing with said gripping means on 
said quill; and 

-43- 
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c- moving said length of coil tubing long i tud i n^L ly by 
moving said qui 11 through use of a coil tubing 
injector - 

The method of claim 30, wherein said gripping means on said 
quill is totatably carried thereby and said quill also 
includes means for rotating said gri]*{>iiig means* and said 
method. inclu»lc*s t)ie further ntvp of rot-#iing s.^id length of 
coil tubing by rotating said gripping ifie^ns. 

The method of claim 31, wherein said quill and said coil 
tubing injector are provided with. travel limiting means for 
limiting the longitudinal movement of the quill relative to 
the coil tubing injector. 

The method of claim 32, wherein said tutmlar quill, 
gripping means, and rotating means are connected together 
before they are telescoped over the upper end of the coil 
tubi ng. 

The method of claim 32, wherein the tubular quill is 
auspended below the drive clia i n mechanism and the coil 
tubing ia run through t>io tubular quill and into the well. 
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The .ethod of cl^i» 34. wherein upon d i=en<jogement of the 
tubular quiU froo. the chain drive n.echa,is«,. it is again 
suspended therebelow. 

A method of servicing a well comprising the steps of: 

a. attaching an operational tool and a check valve to the 

lower end of coil tubings- 
fa. running said coil tubing to a de.ircd depth in the 

well through use of a coil tubi..g injector; 
c. supporting said coil tubing at the ourfaoe with 

Stationary slips; 
a. severing said coil tubing at a location spaced above 

said stationary slips and attaching a connector to the 

end of the coil tubing extending from the well, the 

free end of said connector having „eana for attachment 

to a length of pipe; 
- telescoping a tubular quill over the free end of the 

coil tubing and engaging said quill in said coil 

tubing injector, said qulU having gripping „ean. 

thereon; 

connecting a length of pipe to caid connector on -aid 

coll tubing; 

activating u^ia gripping «oana on a.Id quill to grip 
oaid pipe or said coil tubing; 
i. rele^aing said otationary slips; and 
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i. operating said coil tubing injector to cove said quiU 
and said coil tubing supported thereby longitudinally. 

The method of clai„ 36, w.crcin s.id gripping „eans is 
rotatably aounted on said c,uill .nd said <,uiU includes 
«eans for rotating said gripping aeans relative to said 
quill, and said «ethod includes the additional step of 
rotating said gripping »eans and the coil tubing supported 
thereby to rotate said operational too, on the lower end of 
said coil tubing. 

The method of claim 37.' including the further steps of: 

a. disconnecting said length of pipe from said coil 
tubing ; 

b. disengaging said guill from said coil tubing injector; 
and 



c. 



removing said coil tubing from said well using said 

coil tubing injector- 
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